Intravesicular pH changes in submitochondrial particles induced by monovalent cations: relationship to the Na+/H+ and K+/H+ antiporters.
The fluorescence of internalized fluorescein isothiocyanate dextran has been used to monitor the intravesicular pH of submitochondrial particles (SMP). Respiring SMP maintain a steady-state delta pH (interior acid) that results from the inwardly directed H+ flux of respiration and an opposing passive H+ leak. Addition of K+, Na+, or Li+ to SMP results in a shift to a more alkaline interior pH (pHi) in both respiring and nonrespiring SMP. The K+-dependent change in pHi, like the K+/H+ antiport in intact mitochondria, is inhibited by quinine and by dicyclohexylcarbodiimide. The Na+-dependent reaction is only partially inhibited by these reagents. Both the Na+- and the K+-dependent pH changes are sensitive to amiloride derivatives. The Km for both Na+ and K+ is near 20 mM whereas that for Li+ is closer to 10 mM. The K+/H+ exchange reaction is only slightly inhibited by added Mg2+, but abolished when A23187 is added with Mg2+. The passive exchange is optimal at pHi 6.5 with either Na+ or K+, and cannot be detected above pHi of 7.2. Both the Na+/H+ and the K+/H+ exchange reactions are optimal at an external pH of 7.8 in respiring SMP (pHi 7.1). Valinomycin stimulates the K+-dependent pH change in nonrespiring SMP, as does nigericin. It is concluded that SMP show K+/H+ antiport activity with properties distinct from those of Na+/H+ antiport. However, the properties of the K+/H+ exchange do not correspond in all respects to those of the antiport in intact mitochondria. Donnan equilibria and parallel uniport pathways for H+ and cations appear to contribute to cation-dependent pH changes in SMP.